Summary: Sexual dimorphism in the crown components in the second deciduous molar (dm2) and the first permanent molar (M1) of the dental casts taken from Chinese living in Kaohsiung (Taiwan) was investigated. Mesiodistal and buccolingual crown diameters, and 4 main-cusp sizes in the maxillary molars and mesiodistal diameters of the trigonid and talonid in the mandibular molars were measured using a digital caliper (0.01 mm). Percentage sexual differences were calculated. With the exception of trigonid mesiodistal diameters, the mean values of males were larger than females. In both of dm2 and M1 the mean values of the trigonid mesiodistal diameters were slightly larger in females than in males, but the differences were not significant. Percentage sexual dimorphism was smaller in the mesiodistal diameters than in the buccolingual in both dm2 and M1. The crown components showed larger sexual difference in dm2 than in M1, while in the maxilla the external crown size showed larger sexual difference in M1 than in dm2. The buccal cusps showed larger sexual difference than the lingual in the maxillary molars and the talonid showed larger sexual difference than the trigonid in the mandibular. Sexual dimorphism of dm2 and M1 in their crown components displayed similar pattern, although the different degree was noted. This result is thought to relate to the fact these molars belong to the first dentition embryologically.
The second deciduous molar (dm2) morphologically resembles the first permanent molar (M1). These two molars adjoin among the molar series, and they belong to the first dentition embryologically. They have similar crown shapes and occlusal groove-patterns, but different sizes. Although there are many similarities between them, they are not identical.
The maxillary molar teeth have 4 main-cusps; paracone, metacone, protocone and hypocone. The mandibular molar teeth consist of the mesial trigonid and the distal talonid. Thus the maxillary and mandibular molar tooth crown consists of several crown components, and the crown shape can be expressed by these crown components (Yamada et al., 1988; Yamada, 1992a,b; Kondo et al., 1996 Kondo et al., , 1998 . Kondo et al. (1996 Kondo et al. ( , 1998 described the odontometrical differences in these crown components of dm2 and Ml. Their descriptions mentioned only males. Previous studies on the sexual differences in the size of dm2 and M1 have shown that the male uniformly exceeds the female, but the magnitude of sexual dimorphism has been reported variously. Inter-population differences and/or measurement errors may cause these differences. Few reports have been published on the sexual difference in both the deciduous and permanent molars or on the relationship between the sexual and interpopulation differences, especially for the deciduous teeth. The purpose of the present study was to investigate the sexual dimorphism in the crown components in dm2 and Ml of Chinese living in Taiwan, and we compared the results obtained from Mongoloid and other population samples.
Materials and Methods
The materials used in the present study were dental casts taken from Chinese living in Kaohsiung, Taiwan. These casts included 79 deciduous and 59 permanent dentitions of males, and 73 deciduous and 61 permanent dentitions of females. Casts were used only if the teeth were fully erupted, had no anomalies of crown morphology, and the cusps, pits and occlusal grooves were not noticeably eroded.
The dimensions of each crown were measured using a digital caliper to the nearest 0.01 mm. Mesiodistal and buccolingual crown diameters were measured using the method of Fujita (1949) . In the maxillary molars, the 4 main-cusp sizes were measured (Yamada et al., 1988b (Yamada et al., , 1992b Kondo et al., 1996) . Each cusp size was defined as the distance from the central pit to one of the 4 corners of the crown being perpendicular to the long axis of the tooth crown (Fig. 1) . As for the mandibular molars, the mesiodistal diameters of the trigonid and talonid were measured (Yamada, 1992a) . The definition of the border between the trigonid and talonid was the midpoint between the mesial central fossa and the intersection of the buccal groove with the protoconid-hypoconid ridge (Fig. 2) .
Teeth on the right side of the dental arch were usually measured; however, when a tooth on the right side could not be measured because of absence, abnormality, heavy wear, or other reasons, the corresponding tooth on the left side of the arch was measured. Percentage sexual differences were calculated (Garn et al., 1967) for the comparison. Descriptive statistics including distribution parameters were performed with SPSS statistical software (SPSS Japan Inc., Ver. 6.1 for Windows) on a personal computer. Differences between sexes, and between dm2 and M1 were analyzed using the two-tailed Student's t-test, if equal variances were assumed by the Levene's test. If not, Welch's t-test was performed. Statistical significance was established at the P < 0.05 or P < 0.01 level. Table 1 shows the basic statistics of the crown dimensions in the maxillary molars, and shows percentage sexual dimorphism, dm2 as a percentage of Ml, and the results of a t-test.
Results

Maxillary molars
The mean values of males were larger than those of females. Buccolingual diameter and buccal cusps of paracone and metacone showed significant sexual differences in both dm2 and Ml. Percentage sexual dimorphism was smaller in the mesiodistal than in the buccolingual diameter in both dm2 and Ml. As for the cusp sizes, percentage sexual dimorphisms were larger in dm2 than in Ml, and Table 1 . Crown dimensions of maxillary second deciduous molar and first permanet molar (mm) dm2-M1(t-test) **: P < 0.01, *: P < 0.05 sex diff. (t-test) $: P < 0.01, t: P < 0.05 the buccal cusps showed larger sexual dimorphism than the lingual in both dm2 and Ml. The metacone showed the largest sexual dimorphism.
M1 was larger than dm2 in the all crown dimensions (P < 0.01). The reducing percentage of dm2 showed the same level in the mesiodistal and buccolingual diameter; 90.10 and 90.25, respectively.
As for the cusp sizes, the metacone showed the largest percentage among the 4 cusps. Table 2 shows the basic statistics of the crown dimensions in the mandibular molars. With the exception of the trigonid mesiodistal Table 2 . Crown dimensions of mandibular second deciduous molar and first permanet molar (mm) dm2-M1(t-test) **: P < 0.01, *: P < 0.05 sex diff. (t-test) $: P < 0.01, f: P < 0.05 diameter, crown dimensions were larger in males than in females. In both dm2 and M1 the mean values of the trigonid mesiodistal diameters were larger in females than in males, but the differences were not significant. Percentage sexual dimorphism was smaller in the mesiodistal than in the buccolingual diameter in both dm2 and Ml. This result was the same in the maxilla, but the difference between the mesiodistal and buccolingual diameters was smaller in the mandible than in the maxilla. The talonid showed greater sexual dimorphism than the trigonid, and the percentage was larger in dm2 than in Ml.
Mandibular molars
With the exception of the talonid mesiodistal diameter, M1 was larger than dm2. The talonid mesiodistal diameters were slightly larger in dm2 than in Ml, but the differences were not significant. The reducing percentage of dm2 compared with M1 showed that dm2 was more reduced in the buccolingual than in the mesiodistal diameter, and was more reduced in the trigonid than in the talonid.
Discussion
Previous studies have shown that sexual dimorphism in the permanent tooth size is more marked in the buccolingual diameter than in the mesiodistal (Goose, 1963 ; Yamada and Sakai, 1992; Manabe et a!., 1996). This finding is also seen in the deciduous teeth (Black, 1978; Margetts and Brown, 1978; Yamada et al., 1986a,b) . Table 3 shows the mean values and percentage sexual differences in several human populations. Although few reports on the buccolingual diameter have been published, the sexual differences are more marked in buccolingual diameter than in mesiodistal. In general, the deciduous tooth size exhibits less sexual dimorphism than the permanent (Black, 1978 (Table 3 ). In the maxillary molars, the present study is consistent with the previous studies. The mandibular molars showed larger sexual difference in dm2 than in Ml, and this result is consistent with a Japanese population (Yamada et al., 1986a,b) .
Although a lack of suitable data prevents reliable results, the tooth sizes were compared among Chinese and Taiwan Aborigines. Taiwan Aborigines that include Ami, Atayal and Yami tribes (Liu, 1977; Manabe et al. , 1996) had larger teeth than the Taiwan Chinese of the present study, but Liao (1984) reported a similar large size for Taiwan Chinese. Hong Kong Chinese (Yuen et aL , 1996) have similar tooth sizes to the Taiwan Chinese of the present study. The discrepancy between Liao's data and ours may relate to the difference of materials including the effect of gene flow from Taiwan Aborigines to Taiwan Chinese.
Various values have been reported concerning tooth size in a Japanese population. Ozumi's data (1960a,b) was the smallest in the population listed in Table 3 . While Yamada et al. (1986a,b) and Sugiyama (1969) reported large values and their values were almost the same as for Pima Indians (Hanihara, 1976) . The data of the present study was in the middle of these Japanese data.
As for other populations, Australian Aborigines (Hanihara, 1976; Margetts and Brown, 1978; Townsend and Brown, 1979) and American Blacks (Hanihara, 1976 ) have large teeth, while American Table 3 . Means (mm) and percentage sexual differences in dm2 and MI. Hanihara (1978) studied sexual dimorphism in permanent tooth size among several populations by multivariate analysis. He stated that there was no definite association between sexual dimorphism in tooth size and degree of tooth reduction. Yamada and Sakai (1992) who examined sexual dimorphism in the tooth size of Cook Islanders showed a probable association of sex-specific shape differences with tooth reduction. Relation between tooth size and degree of sexual difference is not obvious. For example Atayal had larger teeth than American Whites, but the percentage sexual differences were smaller in Atayal than in American Whites (Table 3) .
We measured external crown sizes and crown component sizes; the former included mesiodistal and buccolingual crown diameters, the latter included cusp sizes, and trigonid and talonid mesiodistal diameters. The crown components displayed larger sexual dimorphism in dm2 than in Ml, while in the maxilla the external crown size exhibited larger sexual dimorphism in M1 than dm2. These results may relate to the differences in thickness of enamel and dentine between dm2 and Ml. Two way explanations for the sexual dimorphism in tooth size of permanent canines have been reported; difference of enamel (Moss, 1978) , or dentine thickness (Kogiso, 1982) . The deciduous teeth have thinner enamel and dentine than the permanent teeth (Fujita et al., 1995) , and the sexual dimorphism in the external crown of the deciduous teeth may be smaller than the permanent teeth. Either explanation could be accepted for the small sexual dimorphism in the external crown of the deciduous teeth.
The sizes of the 4 main-cusps were measured in the maxillary molars, and we showed the buccal cusps to have larger sexual differences than the lingual in both dm2 and Ml. Sakurai (1986) measured the sum of the cuspal area on an occlusal photograph of M1 in a Japanese population. He showed that the sexual differences of mesial and distal halves showed nearly the same percentages, while the buccal half was markedly larger than the lingual (P < 0.05). Three-dimensional measurements using moire contourography showed that sexual differences in M1 of Japanese and Canadian Inuits were found the measurements around the metacone (Kanazawa et al., 1983; Mayhall and Kanazawa, 1989 ). Yamada and Brown (1988) measured distances from the central pit to the perimeter of the crown at 1O-dgree intervals on an occlusal photograph of maxillary permanent molars in Australian Aborigines. They showed that the sexual difference was marked in the buccal region, but not obvious in the mesial. Yamada (1992b) measured the sizes of distal two cusps of the permanent molars in a Japanese population by the same methods of the present study, and found a sexual difference in the metacone. These findings of sexual dimorphism in the cusp sizes of M1 are consistent with our results in both dm2 and Ml.
With respect to the mandibular molars, the mesiodistal diameters of the two crown components were measured, and the distal component of the talonid displayed larger sexual dimorphism than the mesial component of the trigonid in both dm2 and Ml. This result is consistent with M1 of Japanese and Cook Islanders (Yamada, 1992b; Kondo et aL, 1988b) . Kanazawa et al. (1985) measured cuspal areas in Ml of the three populations; Japanese, Australian Aborigines and Dutch. Data from a Dutch population could not compared because both sexes were combined for the analysis. The talonid displays a larger sexual difference than the trigonid; especially the hypoconid marked the largest percentage of the 5 cuspal areas. This trend was found in both the two populations, although Australian Aborigines showed less sexual differences than Japanese.
Tooth crown size varies form population to population, while sexual dimorphism displays common characteristics; it is more marked in buccolingual than in mesiodistal diameters. Sexual dimorphism of dm2 and M1 in their crown components showed a similar pattern as mentioned above, although its magnitude was different. This result seems to relate to the fact that these molars belong to the first dentition embryologically.
